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2 M.A.C.Perryman et al.: Crab Pulsar observed with STJs
2. Observations
Our prototype 66 Tantalum STJ array covering an area
of  4 4 arcsec
2
was operated at the Nasmyth focus of
the William Herschel Telescope on La Palma in February
1999. Photon arrival time information was recorded with
an accuracy of about 5 s with respect to GPS tim-
ing signals; while the latter is specied to remain within
1 s of UTC, typical standard deviations are much less
(Kusters 1996). Observations were made on 4{6 Feb, al-
though modest seeing (> 2 arcsec), especially poor on
the rst two nights, and a signicant number of unsta-
ble junctions, meant that total intensities could not be
determined reliably. Our present analysis is restricted to
the signal extracted from just 6 pixels (corresponding to
an indeterminate but small ( 0:1) fraction of the overall
PSF), and a consideration of the resulting pulse prole
and its energy dependence.
Data from the STJ are archived in FITS format with
the photon records dened by their arrival time, x; y pixel
coordinate, and energy channel in the range 0{255. Chan-
nels 50{100 cover   610   310 nm, with (nm) 
1238:5=(m N
ch
+ c), where N
ch
is the channel number,
m  0:04, and c  0:03. Energy calibration was performed
using an internal calibration source before and after the
target observations, and veried using narrow-band lter
observations of a standard star.
Photon arrival times were translated to the solar sys-
tem barycentre using the JPL DE200 ephemeris, taking
into account gravitational propagation delay. Our refer-
ence timing ephemeris for the Crab pulsar used the 15 Feb
1999 (MJD = 51224) values of  = 29:856 514 436 4 Hz




taken from the radio
ephemeris of Lyne et al. (1999). Consistent periods were
obtained, with a precision of typically 5  10
 8
s, from a
period search of the timing data.
3. Results and Discussion
Fig. 1 shows the light curve from the 50 min of data ob-
tained on 6 Feb, acquired with a time resolution of 5 s,
and folded into 128 phase bins ( 250 s per bin), with
an arbitrary origin of zero phase, and without background
subtraction (impractical due to the combination of poor
seeing, small eld, and fraction of unstable junctions; the
overall system response is undetermined for similar rea-
sons, combined with uncalibrated losses at the derotator
entrance aperture). Examination of the light curve, includ-
ing the peaks, at ner temporal resolution down to about
30 s per phase bin, reveals no signicant sub-structure
persisting over the observation interval.
Fig. 2 shows the data divided into two separated en-
ergy channels, corresponding to E
1
= 310{410 nm and
E
2
= 500{610 nm (energy channels 77{99 and 50{61 re-
spectively). The proles are normalised to the same rel-
ative intensities in the peaks, and are displaced verti-
cally. For this choice of energy bins, the ratio of photons
Fig. 1. Pulse prole for the Crab pulsar from the 6 Feb
1999 data over the range 310{610 mn (128 phase bins).
Photon statistical error bars are included. During the
10 min interval of best seeing, the total counts summed
over the 6 active pixels corresponds to about 1000 photons
s
 1
, roughly half of which originate from the unpulsed















and folded at the pulsar period,
is shown in the lower part of the gure.
Wavelength-dependent variations across the peaks has
been noted by Eikenberry et al. (1996), based on obser-
vations spanning the UV to the infrared K band, and by
Sandoval et al. 1998. Not suprisingly given the form of
these reported variations, no signicant variations with
pulsar phase are evident in our data. From the nebular
emission-line spectrum reported by Davidson (1979) the
[O ii] doublet ( 3726, 3729) lies within our extracted blue
passband, while the red passband selected comprises none
of the strong emission lines in the red part of the spectrum
([N ii] 6584, H 6563, [N ii] 6584, [Si ii] 6717, 6731), and
only marginally collects photons from the [O iii] doublet
(4959, 5007). Our a posteriori choice of energy channels
for this ratio provides suÆcient wavelength separation to
avoid `contamination' of each bin given the low energy res-
olution of the device. Further discrimination of the nebu-
lar contributions is limited by our presently modest energy
resolution, which is also insuÆcient to conrm the reality
of the broad absorption feature near 5920

A, so far noted
only by Nasuti et al. (1996).
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Fig. 2. Normalised 32-phase bin pulse proles for the
6 Feb data (i.e. energy cuts of Fig. 1), divided into the
E
1
= 310{410 nm (upper curve) and E
2
= 500{610 nm
(middle curve) energy channels, with 
e
 378 and
553 nm respectively. The upper curve has been shifted











= 310{410 nm and
E
2
= 500{610 nm), is shown in the lower panel; the or-
dinate is the integrated photon content of each of the
summed energy channels (arbitrary scale).
These observational results can be compared with pre-
dictions from models in which the observed ux in a given
phase interval is a combination of emission from eec-
tively disjointed physical regions, in which the sections
contributing to the emission in a given phase interval de-
pend on the viewing geometry (e.g. Cheng et al. 1986a,
Cheng et al. 1986b). This mixing of physical regions acts
to average the total emission, and predicts that observed
properties such as the energy ratio remain constant, or
change modestly but rapidly close to the emission peak
(Romani 1996). Higher S/N STJ data will be required to
probe the small, rapid spectral index variations across the
pulse peaks reported by Sandoval et al. (1998).
As the rst application in astronomy of a supercon-
ducting tunnel junction detector capable of providing in-
trinsic wavelength resolution in the optical, the results are
a modest indication of the technology's capabilities for the
future. Signicant improvements in performances, and in
particular in the wavelength resolution, are expected from
the use of lower critical temperature superconductors in
the future.
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